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and an isotropic dip in the velocity [2] .
These experiments contradict the predictions based on de Gennes' free energy expression [3, 4] or the NAC model [5, 6] . Specifically, coupling of the director to the order parameter in ref. [4] and ref. [6] gives rise to a divergence in the attenuation of sound propagated parallel to the molecular alignment, but not for sound propagated perpendicular to the direction of molecular alignment. Recently, Liu [7] has included the density in studying sound propagation. In this paper, we extend the theory of ref. [6] [8, 9] .
2. Theory. -Our equations of motion and free energy are basically those of ref. [6] save that to calculate sound attenuation we wish to also include the density [7, 10] [6] . We must also add terms involving the density to the free energy functional of ref. [6] . Let Fmnv be the free energy given in eq. (2.2) and (2.5) of ref. [6] .
These terms in the free energy involve only the director, order parameter and velocity. We add to these terms involving the density which we call Fp. Thus, the free energy F is given by where we take for ~ [11, 12] We have neglected fluctuations in the temperature in eq. (3) and the thermodynamic derivative which occurs in (3) with the zero subscript is the thermodynamic derivative evaluated in the absence of any coupling of the density to fluctuations in the order parameter, m. The last term in eq. (3) describes the coupling of the order parameter, m of ref. [6] , and density [12] .
The equation of motion for the velocity, from eq. (3. .1 c) in ref. [6] is In (4) p is the pressure, which concerns us here and the remaining symbols are explained in ref. [6] . Also, the director, n, should not be confused with the deviation of the mean number of particle, I1n.
Here we take for the pressure The first term in eq. (5) (6) . The remaining terms in eq. (6) which do not involve the density were discussed in ref. [6] . There are other terms involving the density in eq. (6) which we have examined and have found to either cancel or to be of higher order in the wave vector. We have also checked that the density coupling does not contribute to y or I discussed in ref. [6] . Thus the coupling preserves the rotational invariance of the system. The equation of motion for the order parameter is given by eq. (3. 1 a) in ref. [6] and is given by where the symbols in eq. (7) are defined in ref. [6] .
There is a contribution to the r.h.s. of eq. (7) coming from the Fp term in the free energy which is
The formal solution for m from eq. (7) [8] . We discuss only the N-A transition in what follows.
At frequencies less than r(q) (evaluated at a wave vector q corresponding to the density wave which appears in the ordered state), we may follow Kawasaki [8] and use the small wave vector form for the x(q) which appears in the integral in (18a) and (18b). This form is given in eq. (A. 2) of ref. [6] and is given by Further we assume that the pressure dependence of x(q) occurs in the a term in the expression for x(q), so that then substituting (20) and (11) [1] . (See also ref. [13] .)
Returning to eq. (18b), we may use the scaling laws of ref. [14] to evaluate the zero frequency limit of v(co). We define the critical exponent z, which determines the rate of relaxation of the order parameter by where ~1 is the correlation length perpendicular to the director defined in ref. [14] . Then we estimate by the usual means [8] , [9] [6] are maintained. The attenuation also has the correct frequency dependence, since it is equivalent to ref. [1] . The dip in sound velocity near T NA observed in ref. [2] is also explained qualitatively. Higher frequency sound waves will be affected less at the transition, as seen from eq. (25). This agrees with the experiment of ref. [2] .
Eq. (18) also gives a prediction for the attenuation and dispersion near the NC transition and Lifshitz point, when the proper X(q) is used [5] .
